The development of food-based dietary guidelines for prevention of cardiovascular diseases requires knowledge of the contribution of common foods to SFA and PUFA intake. We systematically reviewed available data from European countries on population intakes and dietary sources of total fat, SFA, and PUFA. Data from national dietary surveys or population studies published >1995 were searched through Medline, Web of Science, and websites of national public health institutes. Mean population intakes were compared with FAO/WHO dietary recommendations, and contributions of major food groups to overall intakes of fat and fatty acids were calculated. Fatty acid intake data from 24 European countries were included. Reported mean intakes ranged from 28.5 to 46.2% of total energy (%E) for total fat, from 8.9 to 15.5%E for SFA, from 3.9 to 11.3%E for PUFA. The mean intakes met the recommendation for total fat (20-35%E) in 15 countries, and for SFA (<10%E) in two countries, and for PUFA (6-11%E) in 15 of the 24 countries. The main three dietary sources of total fat and SFA were dairy, added fats and oils, and meat and meat products. The majority of PUFA in the diet was provided by added fats and oils, followed by cereals and cereal products, and meat and meat products.
Introduction
Most dietary recommendations to prevent chronic diseases such as coronary heart disease (CHD) focus on the reduction of saturated fatty acid (SFA) intake. Animal foods are quantitatively the most important dietary sources of SFA intake [1] . Dietary recommendations by FAO/WHO [2] as well as the European Society of Cardiology [3] and European Commission Eurodiet Core report [4] advise an upper limit of 10% of energy intake (%E) for total SFA intake and an intake range of 6-11%E for PUFA. In practice, dietary PUFA are mainly linoleic acid (LA) and some a-linolenic acid (ALA) from vegetable oils. The long chain PUFA eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) from marine sources contribute very little to total PUFA intake, a few hundred milligrams as compared with up to dozens of grams for LA plus ALA.
Guidelines for total fat are quite liberal, FAO/WHO recommends a range of 20-35%E [2] and some others up to 40%E (or no upper limit at all) because there is no strong evidence that, unlike dietary fatty acid composition, the total amount dietary fat is related to CVD or other chronic diseases [5] .
There are several reports on intakes of fat and fatty acids in European countries and other populations [1, [6] [7] [8] [9] . The most recent reviews [7, 9] concluded that in the majority of countries, the reported average SFA intake was higher than the recommended maximum of 10%E, while in half of the countries average PUFA intake was lower than the recommended range of 6-11%E. However, the recent reviews [8, 9] do not report on the main dietary sources of SFA and PUFA across countries. Data on the main dietary sources of SFA and PUFA are needed to help authorities translating recommendations on nutrients into practical food-based dietary guidelines for the general public.
By means of a systematic review we collected population representative data for different European countries on total fat, SFA, and PUFA intakes, and their dietary sources. We compare reported intake levels of SFA and PUFA with the amounts on fat and fatty acid intake as recommended by the FAO/WHO. We also report information on the main dietary sources of fats and fatty acids in Europe.
Methods

Search strategy
To retrieve information on dietary fat and fatty acid intakes and sources in adults, we used the European surveys from the publication by Harika et al. [9] as basis. A literature search was performed in Medline and Web of Science (January 2012-March 2015) to identify the latest publications, following a search string with the terms: ("total fat," "saturated fat Ã ," or SAFA, "polyunsaturated fat Ã " or PUFA, "monounsaturated fat Ã " or MUFA) and (consumption or intake or survey) and (adult Ã or population). Reference lists of all articles of interest were checked for additional studies. No language restrictions were used. In addition to the search via Medline and Web of Science, national intake data were searched through websites of national public health institutes (see for more details Harika et al. [9] ).
After the search, all the publications and reports were screened to determine eligibility of data based on the following inclusion criteria: (i) Data applied to a country within European region as defined by WHO, (ii) national surveys or population-based observational studies with a sample size of !100 measuring dietary fatty acid intakes, (iii) published later than 1995, (iv) data from general adults population (>18-85 years), and (v) complete information provided on intake of total fat and SFA, MUFA, and PUFA. For countries where multiple datasets were available, data from the most recent national dietary survey were included. If national dietary surveys were not available, representative data from population-based observational studies were used.
Dietary recommendations for intakes of fatty acids
The mean population intakes per country were compared to the recommended intake levels and ranges for total fat and fatty acids for adults as determined by the FAO/WHO [2] for total fat 20-35%E; for SFA <10%E, and for PUFA 6-11%E.
Data extraction and statistical analysis
From each source of intake data per country, we extracted the means and when reported also standard deviations (SD) of intakes of total fat, SFA, MUFA, and PUFA. Where fat and fatty acid intakes were expressed as absolute amounts (grams per day), values were converted to percentage of total energy intake using the conversion factor of 37.7 kJ/g for fat and fatty acids.
Where data were reported for subgroups (e.g., by age range or by gender), a weighted mean for adults was calculated by weighing the mean intake of each subgroup by the number of the subjects in the subgroup. When SDs were not reported, they were calculated using the population sample size and reported standard error of mean (SEM).
Dietary sources of total fat, SFA, and PUFA
To identify and compare the main dietary sources of total fat, SFA, and PUFA in different European countries, we defined four food groups that were expected to significantly contribute to the intake of total fat, SFA, and PUFA. These included: (i) all milk and milk products including yoghurt, cream, and cheese, clustered as "dairy;" (ii) all meat and meat products, including meat dishes, processed meats, and poultry, clustered as "meat and meat products;" (iii) oils, margarine, butter, spreads, other fats, dressings, sauces, and mayonnaise, clustered as "added fats and oils;" and (iv) breads, cereals, rice, pasta, grains, clustered as "cereals and cereal products." We recorded, but did not specify the remaining food groups contributing to the intake of total fat, SFA, and PUFA because these contributed much less to intake and varied considerably between countries. In addition, the remaining food groups were heterogeneously defined between countries, which made it difficult to make comparisons.
Results
Availability of data
Our earlier review by Harika et al. [9] provided 17 publications with population intake data from Europe. The additional literature search yielded 16 publications and reports that met the inclusion criteria for potentially eligible data sources. Of these 16 data sources, 8 were excluded because they concerned duplicate data (n ¼ 5) or did not contain complete information on fatty acids (n ¼ 3). Thus, a total of 25 publications were included in the current review. Each data source represents one country, except Poland for which we used two data sources, one for intake data [10] and one for dietary sources [11] .
These publications reported population intake data on total fat and fatty acid intake from 24 European countries (Table 1 ). For 11 of these 24 countries, also dietary sources of total fat and SFA intake were reported, and for 10 also dietary sources of PUFA. For 16 countries data were derived from national surveys, for the 8 other countries data from large studies with representative population samples were used.
3.2 Reported intakes of total fat and fatty acids and differences with recommended intake levels
Total fat
Mean intake of total fat ranged across countries from 28.5 to 46.2%E (Table 1) , with reported intakes being the lowest in Portugal and the highest in Greece. In 9 of the 24 countries, the mean total fat intakes were within the recommended range of 20-35%E, whereas it was higher than 35%E in the other 15 countries.
The main dietary sources of total fat were added fats and oils (which contributed 9-46% to total fat intake across countries), meat and meat products (17-26%), and dairy (11-24%). In the UK, Finland, and Netherlands, also cereals and cereal products contributed substantially to total fat intake (10-18%). Also, cakes, pastries, and desserts were often reported as contributors to total fat intake (data not shown).
SFA
Mean intakes of SFA ranged from 8.9 to 15.5%E across countries, with the lowest intake reported in Portugal and the highest intake in France (Table 1 ). In two of the 24 countries (Portugal and Israel), the mean SFA intakes were below the FAO/WHO recommended intake of less than 10%E.
The main dietary sources of SFA were dairy (contributing 17-41% to total SFA intake), fats and oils (9-37%), and meat and meat products (15-30%) (Fig. 1) . In the UK and Finland, cereals and cereal products contributed 16-18% to total SFA intake (data not shown). Cake and pastry/desserts and sugar/preserve confectionary were the main remaining food groups contributing to SFA intake (data not shown).
PUFA
Mean intakes of PUFA ranged from 3.9 to 11.3%E, with the lowest intake in Spain and the highest intake in Bulgaria (Table 1 ). In 14 of 24 European countries, PUFA intakes were within the FAO/WHO recommended range of 6-11%E.
The main dietary sources of PUFA were added fats and oils (contributing 12-63% to total PUFA intake), meat and meat products (11-25%), and cereals and cereal products (6-24%) (Fig. 2) . In the UK and Ireland, also potato chips contributed substantially to PUFA intake (11-18%) (data not shown). Similar to total fat and SFA, the remaining dietary sources contributing to PUFA intake varied markedly between countries. The most important remaining food groups that contributed to PUFA intake were cakes/pastry and vegetables and vegetable dishes (data not shown).
Discussion
Our review shows that the average population intakes of SFA and PUFA does not meet recommended intakes Europe. In only 2 of the 24 European countries included in this review SFA intake was below the recommended maximum intake of 10%E. PUFA intakes were below the optimal intake range in about half of these countries. The main dietary sources that contribute to total fat and SFA intake in Europe are dairy, added fats and oils (including animal fats such as butter, lard, beef drip), and meat and meat products. The main contributing dietary sources to intake of PUFA are added fats and oils (including vegetables oils, margarines, and mayonnaises), meat and meat products, and cereals and cereal products.
Only few publications have evaluated data on average fat and fatty acid intakes in populations from different countries [1, 8, 9, 12] . Also, recent reviews on this topic [8, 9] did not the address foods that deliver total fat and fatty acids to the diet. The current review used a systematic approach to summarize available data on intakes of SFA and PUFA and their dietary sources in Europe. Several limitations of our analysis should be considered when interpreting our findings, both for estimated intakes within individual countries and for making comparisons between countries. The main limitation is that the available data sources are heterogeneous with respect to the sampling and dietary assessment methods. National dietary surveys are the preferred type of research to estimate the distribution of nutrient intake in populations. These were available for the majority (16 out of 24) of the countries. However, the methodology of national dietary surveys differ between countries and each has its specific limitations. Data from large observational studies were used for eight countries without data from a national dietary survey. For half of the countries in this review, data were based on 3-7 day weighed food records, multiple 24 h dietary recalls, and 24 h dietary recalls that were combined with food frequency questionnaires (FFQ). This combination of dietary assessment methods is considered more reliable for estimating the usual intake of foods in individuals than only single FFQs or 24 h recalls [13] [14] [15] , which were the basis for data from the other half of the countries. For Poland the data on dietary sources were based on the Household Budget Survey, which does not take into account food that is lost in the household from purchase to actual consumption [11] . The heterogeneity in design and size of the studies, may explain part of the large variation in total fat and SFA intake between the neighboring countries Spain and Portugal. It should be noted that data for Portugal were derived from a much smaller study than for Spain.
Another important limitation of our review is incomplete information on specific fatty acids for some foods in local food composition tables [16] . This can easily lead to underestimation of true intakes of SFA, MUFA, or PUFA, which is probably also the case for the current data, because the sum of SFA, MUFA, and PUFA was in all countries lower than that of total fat (Table 1 ). Such differences are also found in other studies [1, 8, 9, 12] . For four countries in our review this difference was !5%E (Israel 5%E, Spain 5%E, Hungary 6.6%E, and Slovenia 12.6%E). A larger difference between total fat and the sum of SFA, MUFA, and PUFA could indicate that a higher number of foods in the food composition table are lacking values for fatty acids. Therefore, results for classes of fatty acids are less reliable than for total fat.
A third limitation is that definitions of food groups are not consistent across countries, which may affect the estimated contribution of the different food sources to fat and fatty acids intake. For example in France, Netherlands, Sweden, and Ireland, we grouped the condiments and sauces (mainly mayonnaise) with "added fats and oils," whereas for other countries without a specific "condiments and sauces" food group, information was lacking on whether these were grouped with added fats and oils or not. The fact that food groups were not consistently defined between countries was the reason that we found that in the UK and Finland, also cereal and cereal products contributed significantly to SFA intake next to added fats and oils, dairy, and meat products. In these two countries, this food group also included cakes, pastries, biscuits, pancakes etcetera, whereas for other countries these were reported separately.
Our findings are consistent with earlier reports on fat and fatty acid intakes in European [1, 12] and other countries around the world [8, 9] . These indicate that in most countries SFA intakes are higher than recommended, while PUFA intakes are often below the optimal intake range. The European TRANSFAIR study reviewed survey data from 14 western European countries conducted between 1980 and 1996. It reported average population intakes ranging from 10-19%E for SFA and from 3-7%E for PUFA [1] . The European Prospective Investigation into Cancer and Nutrition study (EPIC) conducted in ten western European countries between 1995 and 2000 reported SFA intakes ranging from 9-16%E and PUFA intakes from 4-8%E across countries [12] . In addition, our findings on dietary sources of fat and fatty acids are in agreement with those from the TRANSFAIR study and also with the EPIC study in European populations [1, 6] . When our findings are compared to the TRANSFAIR and EPIC data, SFA and PUFA intakes and food patterns in Europe do not seem to have changed much over the past 20-25 years. This is in contrast to TFA intake, which decreased markedly over the past 20-30 years in Europe [17] .
High SFA intake is usually accompanied by high total fat intake, whereas PUFA intake seems to be much less dependent of total fat intake [9] . This implies that the differences in PUFA intakes between countries are apparently not driven by differences in total fat intakes, but more likely due to differences in local food habits and types and amounts of cooking oils and fats used. For example, high use of sunflower oil in Bulgaria is known to contribute to the relatively high PUFA intake (in particular linoleic acid) in this country [18] , whereas high use of margarines and mayonnaise make these foods the largest contributors to PUFA intake in Denmark, Norway, Sweden, Netherlands, Belgium, Ireland, and Poland. At the same time in many Western European countries, the common use of butter and animal fats for cooking importantly contributes to overall SFA intake [6, 19] . Thus, there is a large potential for decreasing SFA and increasing PUFA intake by promoting consumption of vegetable oils, margarines, and leaner variants of dairy and meat products.
Changes in intakes of fatty acids can have important effects on the risk of CHD in the population. The available evidence indicates that SFA reduction as such, without considering what nutrient(s) should replace the calories from SFA, is not enough to reduce CHD risk [20] . Data from randomized clinical trials [21] , prospective cohort studies [22] , as well as controlled metabolic studies on blood lipids [23] consistently show that reducing intakes of SFA and trans-fatty acids (TFA) and replacing these with PUFA reduces the risk of CHD [22, 24, 25] . Together, these different types of evidence indicate that substituting 5%E PUFA for SFA will reduce the risk of CHD events by 10% [21] . Authoritative expert bodies agree that for prevention of coronary heart disease, dietary SFA can best be replaced by PUFA [2, 3] . The data in our review support food-based guidelines that advice to eat less fatty meats, low-fat instead of full-fat dairy, and more vegetable oils. If these are effectively implemented, adherence to these guidelines will reduce SFA and increase PUFA intake in the population. Our review also shows that reliable data on actual intakes of fatty acids in the population are scarce, in particular for countries in Eastern Europe and former USSR. Adequate data on fatty acid intake and their dietary sources are needed to establish and support effective public health policies, including food-based dietary guidelines.
In conclusion, the available data indicate that the majority of adults living in Europe have higher SFA intakes than the recommended 10%E, and that PUFA are at the low side of the recommended optimal intakes range of 6-11%E. Adhering to food-based dietary guidelines for prevention of CHD and other chronic diseases in Europe will help to reduce SFA intake and at the same time increase PUFA intake.
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